Introduction
San Luzi Bell Tower has a total height of some 60 m and cross section dimensions of 5 x 5 m. Its oldest parts stem from the year 1139 ( Fig. 1) . The tower is equipped with four bells the arrangement of remained unchanged since 1793 (Fig. 2) . The mass of the four bells is: No. 1: m = 1'700 kg, No. 2: m = 648 kg, No. 3: m = 400 kg, No. 4: m = 260 kg. Electric bell control was introduced in 1954. In 1990, the tower top part was rehabilitated and strengthened. The church and tower facade were rehabilitated in 2003.
In 2003, people working close to the bells reported excessive tower vibrations when ringing the bells. As a consequence, experimental investigations were performed in the years 2004, 2009 and 2011 and subsequent measures to solve the problems were undertaken respectively.
Investigations of the Years 2004, 2009 and 2011
Experimental modal analyses under ambient excitation and measurement of the bell ringing excited tower vibrations were performed in the years 2004, 2009 and 2011. This included measurement of the tower acceleration in two horizontal directions on the levels A, B and C (Fig. 2 ). Modal analyses results have not (yet) been published. We limit ourselves here to the results given in Figures 4 to 6.
It can be seen from Figure 4 that the tower natural frequencies are not stationary. Figure 5 tells us the bell's pendulum frequency 3rd harmonic's story. In 2008, this was changed for bells 1 and 2, in 2010 for bell 3. Figure 6 shows us the effect of the 2008 changes to bells 1 and 2 having been perfect and the effect of the 2010 change to bell 3 having been contrary to the expectations.
End of 2011, the situation was somehow uncomfortable. Something should be done to reduce the effect of ringing bell 3 on the tower vibrations. But what? To gain better control of the situation it was decided to monitor the dynamic tower behavior during one year. 
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Monitoring Test Layout
The following parameters were subject of monitoring: a) tower acceleration in both horizontal directions, b) air temperature, c) air relative humidity, d) wind speed, e) wind direction. 
Instrumentation
The crucial point when looking for hard-and software were the software capabilities to deal with the requirements: a) keeping track of the four first tower frequencies and, b) keeping track of the tower vibrations excited through the bell's ringing. The software should therefore be capable of acquiring a 20 minute's time window of the tower ambient vibrations every hour, and, in parallel, of acquiring tower vibrations excited through ringing bells upon crossing of a trigger level.
This was covered by the GeoDAS package presented by GeoSIG, a Swiss company. And GeoSIG also delivered an IP68-protected 1g accelerometer with sufficient dynamics and frequency range (AC-23).
Meteo data could be received from the local Meteomedia (www.meteocentrale.ch) station every 10 minutes.
Data Acquisition Time Schedule
Fortunately, the bell ringing schedule of San Luzi is quite simple: The clock is signalled twice an hour only. This lets open two windows to acquire time signals of enough length to perform a nice FFT-analysis. Bells ringing schedule for a normal working day is: Bell 2 at 5.01 am, bell 1 at 12.01 pm and bells 1 to 4 in the evening, with "evening" meaning a time depending on the time of the year (6...9.15 pm). As an exception, not only bell 2 but bells 1 to 4 are operated together at 5.01am on Sundays.
Ringing duration is 1...6, rarely up to 15 minutes (services). The initially chosen time schedule for the ambient tests, once every 2 hours from hh.05 to hh.25, was changed to once every hour soon. It was noticed that not all "ambient" time windows were "bell-free". Especially when choosing the even hours, problems arose at 12 pm and at 6 pm. With the hourly schedule, of the finally acquired 5'280 time windows with "ambient" data, some 400 had to be discarded due to bells ringing inside of the window.
After some pre-tests, a 0.15 mm/s2 trigger level was found to being nice to acquire time windows being triggered through bell action.
Monitoring started June 11, 2012, and ended October 7, 2013. Due to problems with the G3-link, a loss of data occurred from July 14, 2012, to July 20, 2012. Besides of this, the monitoring hardand software worked flawlessly.
Data Acquisition and Transfer
A GeoSIG GMS-24 electronic device sampled the acceleration signals with a rate sR = 100 Hz and a 24-bit resolution. Local storage capability was 2 GB. With the exception of data transfer facilities' problems, this was never used but to a minor extent.
The data is stored in .msd format (.msd = mini seed), a format obviously common in the earthquake but unknown to the structural dynamics communities. The good news with this format is: The resulting files are small. Per month of system operation, some 500 MB had to be transferred to our office via a G3 mobile phone connection. This is about what is possible using this technology without ending in bankruptcy, subsidizing our Swiss Telephone monopolist.
Signal Processing
Results for a 16 Month's Time Frame
The tower fundamental frequency varied in the range f1a = 1.42...1.59 Hz in the 16 months monitored (Fig. 8) . The second tower frequency with the dominant modal motion being perpendicular to that of the fundamental mode, varied in the range f2a = 1.78...1.96 Hz (Fig. 9 ).
Limiting wind speed to W ≤ 2 km/h yields the tower frequency scatter becoming noticeably smaller than for all wind speeds ( Fig. 10; compare to Fig. 8 ). However, the f1a frequency range reduces to f1a = 1.44...1.58 Hz only. For f2a, the numbers are now: f2a = 1.83...1.96 Hz. Figure 11 shows the tower frequency f1a being higher in winter than in summer. This indicates the tower generally being stiffer in winter than in summer. The temperature range for the monitored period is T = +28°C...-27°C (Fig. 11 ). Zuoz is located at a height of about 1'750 m above sea level.
The average wind speed is lower in winter than in summer. However, the highest peaks observed, W ≈ 30 km/h, occur in winter as well as in summer (Fig. 12) .
Relative air humidity scatters in a smaller range in winter than in summer (Fig. 13 ). Trying to isolate an air humidity effect on f1a through splitting rel.H. into the ranges rel.H. = 0...85% and rel.H. = 85...100% yields, that this is not possible: The respective diagrams look identical.
Results for a 1 Month's Time Frame
Out of the 16 months observed two months delivering a distinct message are shown in Figures 14  and 15 : In summer, the mean values of f1a and air temperature T are changing in parallel: high temperature means high frequency f1a (Fig. 14) . Although not appearing in the same simple form, the same is true in winter (Fig. 15 ). 
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Results for a 1 Week's and a 1 Day's Time Frame
Checking the graphs for all 68 weeks monitored yields that, for the case of the air temperature exhibiting large daily amplitudes between 0°C and about +20°C, the tower frequency shows a similar behavior over time as temperature: Increase in temperature also means increase in frequency (Fig. 16) . This result is similar to the one found in the last Paragraph.
Furthermore, significant tower frequency drops can be observed in the case of a sudden increase of wind speed. Figure 17 shows the tower frequency decreasing from f1a = 1.505 Hz to f1a = 1.445 Hz and increasing back to the original value within a time window of one to two hours. 
Summary, Discussion, Acknowledgements
San Luzi Bell Tower frequencies show a much larger scatter during one year than expected. The fundamental tower frequency varied in the range f1a = 1.42...1.59 Hz. This corresponds to a change of system stiffness for the tower of 22...23% between the two extremes. Frequency variation has two sources: a) changes in air temperature, b) changes in wind activity.
The influence of air temperature on the tower frequency is ambivalent. Based on a one-year scale, the tower is stiffer for low than for high temperatures. Based on a monthly, weekly or daily scale, the contrary is true. The first behavior is known: In winter, a structural system including its foundation freezes and its stiffness increases. The second behavior has been mentioned (probably for the first time) in [4] : Due to increasing temperature the single stones expand, the cracks close and, as a result, the system is better "compacted" and therefore stiffer.
Strong wind results in a sudden decrease of the tower frequency. Obviously, the tower is significantly cracked.
The fact of the significant tower frequency scatter has to be kept in mind when discussing solutions for the problem with bell 3.
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